Introduction
Posterior crossbites (CBs) have been reported to be one of the most prevalent malocclusions of the primary dentition in Caucasian children and if left untreated, may lead to craniofacial asymmetry ( Pirttiniemi et al. , 1990 ; Kurol and Berglund, 1992 ; Sonnesen et al. , 2001 ; Thilander and Lennartsson, 2002 ; Ovsenik et al. , 2004 ) .
A unilateral CB is an anomaly that occurs as a result of asymmetrical dental and/or skeletal development. In the primary dentition, a unilateral CB commonly arises as a result of a narrow maxilla that may be the result of genetic or environmental infl uences, or a combination of both. A unilateral CB often manifests as a discrepancy between the upper and lower centrelines that may also be associated with facial asymmetry ( Allen et al. , 2003 ) .
Prevention and early treatment is controversial regarding cost-effectiveness and psychosocial benefi t ( Tschill et al. , 1997 ; Malandris and Mahoney 2004 ; Proffi t, 2006 ) . It has been suggested that the preferred treatment time is in the late mixed dentition period ( Viazis, 1995 ) , while others consider that orthodontic treatment in the primary dentition period is desirable ( Far č nik et al. , 1988 ; Tschill et al. , 1997 ; Thilander et al. , 2001 ; Ovsenik et al. , 2004 ) .
Early orthodontic treatment would be benefi cial to enhance skeletal and dental development, and correct deleterious habits such as digit sucking. Incorrect function and malocclusion in the early stages, especially transverse discrepancies, may lead to temporomandibular joint problems or facial asymmetry ( Kiyak, 2006 ; Proffi t, 2006 ) .
Although prefect facial symmetry does not exist in nature, asymmetry ranges from clinically undetectable to gross abnormality ( Van Eslande et al. , 2008 ) . Functional asymmetry in subjects with a unilateral posterior CB can contribute to mandibular skeletal asymmetry, as during growth continuous condylar displacement of the glenoid fossa induces differential growth of the condyles ( Inui et al. , 1999 ; Kilic et al. , 2008 ) . This asymmetrical function refl ects different development of the elevator muscles on each side of the jaws leading to a thinner masseter muscle on the CB side ( Kiliaridis et al. , 2000 ) . Furthermore, the level of maximum bite force in children with a unilateral posterior CB is smaller compared with those with a neutral occlusion ( Sonnesen et al. , 2001 ) . Early correction of functional problems should prevent adverse dental and facial development ( Ninou and Stephens, 1994 ; Proffi t, 2006 ) . Facial asymmetry due to lateral mandibular displacement in unilateral posterior CB subjects, if not treated in the primary dentition, may lead to undesirable growth modifi cation ( Ninou and Stephens, 1994 ) , which results in facial asymmetry of skeletal origin. It has been reported that a symmetrical face is a central part of attractiveness, which has a high impact on psychosocial benefi t ( Thornhill and Gangestad, 1994 ) , most probably even in young children. Correction of a CB in the primary Early crossbite correction: a three-dimensional evaluation Jasmina Primo ž i č * , Maja Ovsenik * , Stephen Richmond ** , Chung How Kau *** and Alexei Zhurov ** * Department of Dental and Jaw Orthopaedics, Medical Faculty, University of Ljubljana, Slovenia , ** Dental Health and Biological Sciences, Dental School, Cardiff University, Heath Park, South Glamorgan, UK and *** Facial Imaging Laboratory, Department of Orthodontics, University of Texas Health Science Center at Houston, USA SUMMARY A crossbite (CB) occurs in approximately 4 -23 per cent of young children and may lead to mandibular and facial asymmetry. Therefore, early intervention is often necessary to create conditions for normal occlusal and facial development. The aim of this study was to assess facial asymmetry and palatal volume (pre-and post-treatment) in two groups of children, one with a unilateral CB and the other with no crossbite (NCB). Thirty children with CB (13 males, 17 females, mean age 4.9 ± 0.98 years) and 28 children with NCB (17 males, 11 females, mean age 5.3 ± 0.36 years) were included in the study. Those with a CB were treated with an intra-oral expansion appliance. The faces and dental casts of the children were scanned using a three-dimensional (3D) laser scanning device at baseline (T0) and after six months (T1) of treatment. Student's t -tests were used to assess differences between the two groups in facial symmetry and palatal volume over the 6 month period.
The CB children had statistically signifi cantly greater asymmetry of the face ( P = 0.042), especially the lower third ( P = 0.039), and a signifi cantly smaller palatal volume ( P = 0.045) than the NCB subjects at baseline. There were no statistically signifi cant differences between the two groups at T1. Treatment of a CB in the primary dentition corrected the facial asymmetry, particularly the lower part of the face. The palatal volume of the CB children increased as a result of orthodontic intervention to similar levels exhibited by the NCB children. dentition may improve function or aesthetics ( Malandris and Mahoney, 2004 ) .
The aim of this study was to assess whether correction of a unilateral CB would result in improvement of facial asymmetry. Further objectives were to compare facial asymmetry and palatal volume in children with and without CBs.
Subjects and methods
Ethical approval for this study was obtained from the Slovenian Ethical Committee at the Medical University in Ljubljana, Slovenia, and informed consent from the parents of all subjects.
A group of 58 Caucasian children [30 with a unilateral CB and 28 controls with no crossbite (NCB)] were recruited. The children with a crossbite were selected from patients referred to the Department of Paedodontics of the Dental Policlinic Kranj, Slovenia. The control group was randomly selected from a local kindergarten in Kranj. The CB group comprised 17 girls and 13 boys aged 3.6 -6.6 years [mean 4.9, standard deviation (SD) 0.98]; 16 had a CB on the right side and 14 on the left. In the NCB group, there were 11 girls and 17 boys aged 4.8 -6.1 years (mean 5.3, SD 0.36), without a malocclusion.
The CB group was treated using an acrylic plate with a midline screw to expand the maxillary arch. The acrylic appliance with a bite plane was cemented on the upper primary molars. The screw was activated 0.25 mm every 2 days for 4 weeks and was left in situ for a further 4 weeks without activation. The appliances were placed in the same week and removed 2 months later. The bite plate was removed and the acrylic plate was then used as a removable retainer for 4 months. After a total treatment period of six months (T1), the occlusion was stable and no relapses were observed.
Facial images
Surface facial images were obtained using two Vivid 910 laser scanners (Konica Minolta, Tokyo, Japan) angled to capture the left and right sides of the face with signifi cant overlap in the anterior part of the face to facilitate registration and merging of the two images to produce one facial shell ( Kau et al. , 2004 ) . These devices are 'eye safe' and have a scanning time of approximately 2.5 seconds with a reported accuracy of 0.3 mm ( http://www.konicaminolta.com ). Natural head posture (NHP) was used in this study as this has been shown to be clinically reproducible ( Chiu and Clark, 1991 ) . The technique for positioning the patient and image capture has been validated and described previously ( Kau et al. , 2004 ) .
The three-dimensional (3D) data was imported to a reverse modelling software package, Rapidform® (Inus Technology Inc., Seoul, Korea). Each scan of the face (left and right images) was processed in order to remove unwanted data and then registered and merged to produce a complete facial image ( Figure 1 ). The facial shell was aligned in two planes: the mid-sagittal ( Y -Z ) and the inner canthus of the eyes ( X -Z ). The facial shell was divided into three parts: the upper was defi ned as the part of the face above the inner canthus plane, the middle ranged from the inner canthus plane to the plane through the outer commissures of the lips, and the lower was below this plane ( Figure 1a ). To check for left/right symmetry, the face was mirrored on the mid-sagittal plane at baseline (T0) and at T1. The shell to shell deviation of the mirrored images (average deviation, range, and SD) and the percentage of mirrored shells coinciding within 0.5 mm was recorded. A colour deviation map was generated to show shell -shell deviations of the mirrored images ( Figure 1b,c ) .
Dental cast volume
Study models of the dental arches obtained at T0 and T1 were scanned at a distance of 60 cm with the same laser scanner using a lens with a focus distance of 25 mm. With this lens, the scanner has a reported accuracy of 0.22 mm ( Keating, 2004 ) . The volume of the palate was determined using the protocol described by Hoyte (2007) . Each scan of Figure 1 Superimposed mirrored shell. The inner canthus and commissure planes divide the face into thirds (a). Shell to mirrored shell deviation colour map at baseline (b) and after 6 months of treatment (c). Black indicates shell -shell deviations within 0.5 mm, red positive differences, and blue negative differences when the shells are mirrored. the study cast was preprocessed to remove unwanted data. The gingival and the distal planes were used as boundaries for the palate. The gingival plane ( X -Z ) was created by connecting the midpoints of the dento-gingival junction of all primary teeth and the distal plane ( X -Y ) by joining the two points at the distal of the second primary molar perpendicular to the gingival plane ( Figure 2 ) . The volume of the palate was then calculated.
Statistical analysis
The Statistical Package for Social Science (SPSS Inc., Chicago, Illinois, USA) was used for statistical analysis. Data were tested for normal distribution. A paired Student's t -test was used to calculate the statistical differences between the CB group and the control group at T0 and T1. Mirrored shell average deviations, SDs, maximum deviations, and percentages were tested to determine statistically signifi cant differences. Furthermore, the difference in palatal volumes and volume change at T1 between the two groups were calculated. The results were considered to be signifi cant at values below P < 0.05.
Results
The differences in the mirrored shells at baseline and after 6 months are shown in Table 1 . At baseline, there was greater coincidence for the whole shell in the NCB group compared with the CB group (NCB 69.3 per cent, CB 63.5 per cent, P = 0.04). The greatest contribution to this discrepancy resulted from asymmetry in the lower part of the face (CB 50.3 per cent, NCB 61.8 per cent, P = 0.04). After treatment, no difference was observed ( P > 0.1).
Palatal volumes and increases in palatal volume from T0 to T1 are summarized in Table 2 . Palatal volume was greater in the NCB group compared with the CB group at T0 (NCB 3008.4 mm 3 , CB 2780 mm 3 , P = 0.045). However, this difference was greatly reduced after treatment (NCB 3027.9 mm 3 , CB 3119.6 mm 3 , P = 0.39). The increase in palatal volume was statistically signifi cantly greater in the CB compared with the NCB group (CB 339.5 mm 3 , NCB 19.4 mm 3 , P < 0.01).
Discussion
An asymmetric occlusion may result in mandibular and facial asymmetry ( Korbmacher et al. , 2007 ) . Therefore, early treatment has been advised to create conditions for normal occlusal and craniofacial development ( Petrén et al. , 2003 ) .
Figure 2
The gingival plane was created by connecting the midpoints of the dento-gingival junction of all primary teeth, and the distal plane by joining the two points of the distal of the second primary molar perpendicular to the gingival plane. Table 1 Mirrored facial shell at baseline (T0) and after six months (T1) in the crossbite (CB) and no crossbite (NCB) groups: average deviation, standard deviation (SD), and maximum deviation and the percentage of mirrored shell coinciding within 0.5 mm. 
EARLY CROSSBITE CORRECTION
It has also been suggested that the later CBs are treated, the greater the risk of damage to the temporomandibular joint ( Pirttiniemi et al. , 1990 ; Sonnesen et al. , 2001 ). In addition, this malocclusion trait is also associated with asymmetrical muscular function ( Ingervall and Thilander, 1975 ; Ferrario et al. , 1999 ) that affects the elevator muscles and bite force ( Sonnesen et al. , 2001 ). It appears that the only indication for correction in the primary dentition is where aesthetics or function may otherwise be compromised ( Malandris and Mahoney, 2004 ) .
Different treatment approaches such as selective grinding of teeth, expansion plates, or a quadhelix are used for CB correction ( Malandris and Mahoney, 2004 ) . In this study, treatment was started in the primary dentition using a cemented acrylic plate with a midline screw for palatal expansion. After correction, the plate was decemented and used as a removable retention plate, which has been shown to successfully correct 85 per cent of posterior CB in the primary dentition ( De Boer and Steenks, 1997 ) .
It is well known that no human face is perfectly symmetric as there are always areas of asymmetry between the left and right sides of the face which are considered to be physiological ( Bishara et al. , 1994 ; Proffi t, 2000 ) . In order to assess pathologic asymmetry in children with a CB, they were compared in the present study with a group of NCB children, who exhibited ' physiologic ' asymmetry.
Diagnosis of facial asymmetry is routinely based on the analysis of patients ' frontal photographs, by determining a symmetry plane and measuring linear and planar differences between the hemifaces ( Farkas and Cheung, 1981 ) . As photographs show a 3D structure in a two-dimensional perspective, the landmarks used to defi ne the facial midline and to construct the symmetry plane cannot be exactly defi ned, and thus, the precision of the method is questionable. Therefore, facial asymmetry should be evaluated three-dimensionally. As facial asymmetry of small children is diffi cult to assess, a 3D imaging system, which has been shown to be accurate for scanning young children was used ( Kau et al. , 2004 ) . This 3D laser scanning system is a non-invasive and safe method to obtain 3D facial images in less than 10 seconds. Furthermore, the data acquired is accurate to approximately 0.5 mm, depending on the technique used ( Arridge et al. , 1985 ; Moss et al. , 1987 Moss et al. , , 1988 Moss et al. , , 2003 Nute and Moss, 2000 ; Kau et al. , 2005 ) . In this study, Konica Minolta VIVID 910 laser scanners were used with a reported manufacturing accuracy of 0.3 mm for facial and 0.2 mm for study cast ( Keating, 2004 ) scanning. As asymmetry is a discrepancy between the left and right sides, both sides of the face should be assessed for each face individually. In this study, a mirrored shell of the original facial shell was constructed and the asymmetry was then evaluated for each child in the CB and NCB groups.
There were no differences between the two groups for the upper or middle part of the face, either at T0 or T1. Children with a CB exhibited greater asymmetry of the lower part of the face, either due to a mandibular shift or true asymmetry that occurs in CB. However, at T1, this discrepancy decreased with no statistically signifi cant differences between the two groups. Although previous research has demonstrated the benefi ts of early CB correction ( Kurol and Berglund, 1992 ; Viazis, 1995 ) , this is the fi rst study that shows the correction of facial asymmetry in small children in three dimensions.
Until recently, CB correction was evaluated on study casts mostly by measuring the intercanine and intermolar distances ( Sillman, 1964 ; Thilander and Lennartson, 2002; Petrén and Bondemark, 2008 ) . However, this method could not exclude bias in assessing the success of CB correction due to tipping of the buccal teeth. To overcome this problem, palatal volume was measured in the present research.
Children with a CB had a statistically signifi cant smaller palatal volume than the NCB group. However, after treatment and retention, there were no differences between the two groups. The increase in palatal volume in the treated CB children was signifi cantly greater than that due to growth in the NCB group. This is the fi rst study that shows differences in palatal volume in children with and without a CB and an increase of palatal volume due to early CB correction.
The results of this research are in agreement with other studies that show successful correction of CBs and lateral mandibular displacement, resulting in normal transverse relationships after treatment in the primary dentition ( Schröder and Schröder, 1984 ; Lindner 1989 ) .
Conclusions
Treatment of a CB in the primary dentition period corrects the mandibular shift, leading to an improvement in facial symmetry. The palatal volume in the CB children increased as a result of treatment to similar levels exhibited by NCB children. However, long-term follow-up of these children will be necessary in order to evaluate the cost-benefi ts of early treatment. 
